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PURPOSE: To improve hot workability and fatigue characteristic by incorporating specific amounts of REM into an alloy 
tool steel of specific composition and also controlling respective contents of S, O, N, Al, and P. 

CONSTITUTION: The alloy tool steel has a composition consisting of, by weight, one or >=2 kinds among 0.35-1.50% C, 
0.1-2.0% Si, 0.1-1.5% Mn, 2.0-10.0% Cr, 1.5-30.0% (2Mo+W), and 0.5-5.0% V, 0.001-0.60% REM, further one or >=2 
kinds among 1.0-20.0% Co, 0.01-2.0% Ni, 0.25-1.0% Cu, and 0.001-0.050% B, and the balance essentially Fe. Further, 
the contents of S, O, N, Al, and P are limited to <=0.0020%, <=0.0030%. <=0.020%, <=0.020%, and <=0.020%, 
respectively. If necessary, one or >=2 elements among Nb, Ta, Zr, Hf, Ti, Sc, and Y are further incorporated. By this 
method, the occurrence of sand mark can be prevented, and a tool excellent in toughness and long in service life can be 
obtained. 
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(57) »»] 

m&mm C:0. 3 5-1. 5 0*> 

Si : 0. 1-2. 0%, Mn : 0. 1 — 1. S%, C 
r : 2. 0 — 10. 0%, 43<£tf2Mo+W: 1. 5 — 
3 0. OX, V:0. 5-5. OX^^^roiltfctt 
2fi£iLt, REM : 0. 0 0 1-0. 6 0%, SSlCC 
o:l. 0 — 20. 0 N i : 0. 01 — 2. 0%, 
Cu:0. 25—1. 0%> B:0. 001 — 0. 05 
O%(Bo^0>l«£fcte2S«Ji£-&2K S : 0. 00 
2 0 SSJKT* 0:0. 0 0 3 0 %&TF. N : 0 . 020 
%£TF. A I : 0. 0 2 0JKETF, P : 0. 0 2 0 %ZK 



(2) 

1 

im&mi] sax-c, c:o. 35-1. 50%, 

Si : 0. 1 — 2. OX. Mn : 0. 1 — 1. 5 X, C 
r:2. 0-10. 0 X, ^tf2Mo+W : 1. 5- 
30. OX, V: 0. 5-5. O%0^%©llJfctt 
REM: 0. 0 0 1 — 0. 6 0X, ^SiCC 
o:l. 0-20. OX, N i : 0. 01-2. OX, 
Cu : 0. 25-1. OX, B : 0. 001 — 0. 05 
0%(0^^©ll^H2l£(±m, S : 0. 00 
2 0XETF, 0:0. 0 0 3 0 X£TF, N : 0. 0 2 0 10 
X6TF, A 1 : 0. 0 2 OXETF, P : 0. 0 2 0 %£k 

*-&&Xft». 
[§}2S«2] C : 0. 3 5 — 1. 5 OX, 

Si : 0. 1 — 2. 0%. Mn:0. 1 — 1. 5 X, C 
r : 2. 0 — 10. 0 X. 43<fctf2 M o +W : 1 . 5 — 
30. OX, V : 0 . 5 — 5. 0 %<Dot><D im*ft\Z 
21PJ11, REM: 0. 001 — 0. 6 0%, $^CC 
o : 1. 0 — 20. OX, N i : 0 . 01 — 2. OX, 
Cu : 0. 25 — 1. OX, B:0. 0 0 1 — 0. 0 5 20 
0%<Do%(Dim^1t\'X2m^s±.^^ S : 0. 00 
2 OXfiTF, 0:0. 0 0 3 O.XETF, N : 0. 0 2 0 
XKT, A 1 : 0. 0 2 0 XJETF, P : 0. 0 2 0X« 
Tfc»«!lU SSlZNb : 0. 01-5. OX, Ta: 
0. 01-5. 0%, Zr:2. 0 XETF, H f : 2. 
0 XE*T, T i : 2. 0 X.KT, S c : 0. 0 0 1- 
2. OX, Y:2. 0%&T<Do*><Dim&1Z\t2m£JL 
±£#*, SSS^SfMKFe <t0^^t^M(i:n 
^&X^ffl, 

[19*13] lfi%T, C : 0. 3 5-2. SOX, 30 
Si : 0. 1 — 2. OX, Mn : 0 . 1 — 1. 5 X, C 
r : 3. 0 — 2 0. OX, *3cJ;tfMo : 0. 1 0 — 5. 
OX, W : 0. 10 — 5. OX, V : 0. 01 — 5. 0 
%<Do*><Dim3i?Z\Z2m£k±* REM : 0 . 001- 
0. 60 X, SSlCCo: 1. 0 — 20. OX, Ni: 
0. 01 — 2. OX, Cu:0. 01 — 2. OX, B: 
0. 0 0 1-0. 0 5 0%O^^11^21K± 
S : 0 . 0 0 2 0 XETF, 0:0. 0 0 3 0 X 
£TF, N : 0. 0 2 0 XETF, A 1 : 0. 0 2 0%H 
T, P : 0. 0 2 OXJETFlC&fSgU 5S85HKWICF e 40 

[Sf*g4] a«X7?, C:0. 3 5-2. SOX, 

Si : 0. 1 — 2. OX, Mn : 0 . 1 — 1. 5 X, C 

r : 3. 0-20. OX, 43<fctfMo : 0. 10 — 5. 

OX, W : 0. 10 — 5. OX. V : 0. 01 — 5. 0 

%(D?*>(Dimi£rz\*2m&±* rem:o. 001- 

0. 60X, SStCo: 1. 0 — 20. OX, Ni: 
0. 01-2. OX, Cu:0. 01 — 2. OX, B: 
0. 0 0 1-0. 0 5 0X(O3^Oll^lj:21K± 

S : 0 . 0 0 2 0 X£TF, 0:0. 0030X 50 



1 0 0 2 3 9 

2 

ETF, N : 0. 0 2 OXECF, A 1 : 0. 0 2 0 %$k 
T, P : 0. 0 2 OXETRcSSU ££tCNb : 0. 
01 — 5. OX, Ta:0. 01-5. OX, Zr: 
0. 001 — 2. OX, H f : 0. 001 — 2. OX, 
Ti:0. 001 — 2. OX, Sc:0. 01 — 2. 0 
X, Y:0. 0 0 1-2. 0%<Do*>O)\m&1t\l2m 

[fs*ss] maxT, c:o. 20 — 0. 5 ox, 

Si:0. 1 — 2. OX, Mn : 0. 1 — 1. 5X, C 
r.: 2. 0 — 8. OX, *5<£t£Mo : 0. 1 0-5. 0 
X, W : 0. 10-5. OX, V:0. 01-5. OX 
(D^^OHtfeU2l^±, REM: 0 . 001- 
0. 60 X, £6>tCCo : 0. 01-10. OX, N 
i:0. 01 — 2. OX, Cu:0. 01 — 2. OX, 
B : 0. 0 0 1 — 0. 0 5 0%<DO*><Dim$.fz\t2m 
£JLt£-&^, S : 0. 0 0 2 0 %£TF, 0:0. 0 0 3 
0 X£TF, N : 0 . 0 2 0 XETF, A 1 : 0 . 0 2 0 X 
«T, P : 0. 0 2 OXEATKSfHU SSBUftSHCF 

[fS:fc«6] SSXT, C:0. 2 0-0. 5 0 X, 
S i : 0. 1 — 2. OX, Mn : 0. 1 — 1. 5 X, C 
r : 2. 0 — 8. OX, 3$<kZfMo : 0. 10-5. 0 
X, W : 0. 10-5. OX, V:0. 01-5. OX 
CD~>-5(3lS£#:fci2SE*±, REM: 0 . 001- 
0. 60 X, £fctCCo : 0. 01 — 10. OX, N 
i:0. 01 — 2. OX, Cu:0. 01—2. OX, 
B : 0. 0 0 1—0. 0 5 0%<D^%<011tfctt21 
£Ub£-&*. S : 0. 0 0 2 0 XSTF, 0:0. 0 0 3 
OXETF, N : 0. 0 2 0 X£TF, A 1 : 0. 0 2 OX 
ETF, P : 0. 0 2 0%SAT\zmffiL. SSKNb: 
0. 01 — 5. OX, Ta:0. 01 — 5. OX, Z 
r:0. 001 — 2. OX, H f : 0 . 001 — 2. 0 
X, T i : 0. 001-2. OX, Sc:0. 001 — 
2. OX, Y : 0. 001 — 2. 0 X(D? "5tf> 1 

f8£*r*^&XIUHo 

im&m7) maxT, c : 1. 0-4. ox, s 

i:0. 1 — 3. OX, Mn : 0. 05 — 10. OX, 
Cr: 2 5. 0 — 3 5. OX, Co:3 5. 0 — 6 5. 
OX, ^<fctXMo : 0. 05 — 15. OX, W: 10. 
0-25. OX, V : 0. 1-15. 0%<Do?><Dim 
$Zlt\Z2mSk±* REM : 0. 001-0. 60 X, S 
£fCN i : 0. 01 — 15. OX, Cu:0. 01 — 
2. OX, B : 0. 0 0 5 — 0. S %<0ot><0 lM^tc 
tt21^±m, S : 0. 0 0 2 OXJSAT, O : 0. 
0 0 3 0 XfiTF, N : 0 . 0 2 0 XJ£TF, A 1 : 0 . 0 
2 OXETF, P : 0. 0 2 OX^TRC&MU 
WlC F e <£ D fc* C £ £«r& «hT*^&XjyWo 
[§1*318] SSXT, C : 1. 0-4. OX, S 
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3 

1 : 0. 1 — 3. 0%, Mn : 0. 05—10. 0 56, 
Cr : 25. 0 — 35. 0 %, Co: 35. 0 — 65. 
0%, ££tfMo :0. 05-15. 0%, W: 10. 

0 — 25. 0%, V:0. 1 — 15. 0%<Do*><Dim 
^fc«21H±, REM: 0. 001—0. 60%, $ 
6ICN i : 0. 01 — 15. 0 %, Cu: 0. 01 — 
2. 0%, B : 0. 0 0 5 — 0. 8 %<Dv *><0 1 B£fc 
\t2m£k±&£&* S : 0. 00 2 0^7, O:0. 
0 0 3 0%ETF. N : 0. 0 2 0 %£TF* A 1 : 0. 0 

2 0%£TF, P : 0. 0 2 0XHTlC*fMU SSlCN 
b : 0. 1-15. 0%, Ta:0. 1 — 10. 0%, 
Zr:0. 01 — 0. 5%, Hf:2. 0 %£TF\ T 
i:0. 01-0. 5%, Sc:0. 001 — 2. 0 
%, Y: 2. 0%J^T<Z)^^Oia^^«2a«Ji*-& 

[0 0 0 1] 

^tbTW^^n. t<^ra»ixtt^j:tn£»»ttjc 

[0 0 0 2] 

[««oa«] ^na^itu jis s 

KS, SKD, SKT, SKHfc&***D* SJffJXA, 

»ai^<x, eat^x. mmy^x. y 

[0 0 0 3] d©<fc^^^XS9!iC*ViTtt, FSMtf) 
^«^^XS<?DS^$a«C^:U3^<i:*fc, 
a*#6n*£?lc, JRWJnxtt*J:tXffi#4fttJCflinT 

[0 0 0 4] 
[0 0 0 5] 

§»> mmmxm* »js«x*»*o'&*x*ipifc*v^ 

T\ REM : 0. 0 0 1-0. 6 0SS%-&*Si**£ 
S : 0 . 0 0 2 0 UkXJBTF. O:0. 0 0 3 0 
fiS%«T, N : 0. 0 2 0SS%«T, A 1 : 0. 0 
2 0 *»«KT. P : 0. 0 2 0 MX«TIC»HL& 

[0 0 0 6] *58W<0-fr^X»fH*C^V4T, REMtf 
fi (*±^*<0 1«*a:tt2«6Ui«>'&i«)"ftO. 
0 0 1-0. 6 Omm%tLfZ<Dfo, REM£SsftrT* 
Ctia^T, lAifl)«ttlflI±S* ttKHMHM* 



:3) Si¥8-1 0 0 2 3 9 

fcfcfcfcO. 0 0 11I^±^jJD$tfc, L*U * 

Stc&inrf s t Wt*±OfHnxtt t*ft**«c[>-c o . 

[0 0 0 7] $fc, StfiSO. 0 0 2 0lI%Pi 
T. 0****0. 0 0 3 01t5gKTtl^H 
S, 0*£*MTr«;:&lCJ:-3T. 

[0 0 0 8] H«IC. &#^i&£cfcD-@fa±2-£*fc 
N : 0. 0 2 0**X£TF» A 1 : 0. 0 2 01 
10 S%«T. P : 0. 0 2 0SS%«TlC«S«-r*£££ 

[0 0 0 9] Si§^iC^tt^REM(D^Ja«* 1 

5 3 0-1 5 5 0tt<lC 1540-154 SICTfT-p 

[0 0 10] *389!<BSS— 3891 • *X«3HK:45V>Ttt. 
iaffi^*X*«*tKaKX^«T*0, C: 
0. 35 — 1. 50%, Si:0. 1 — 2. 0%, M 
n:0. 1-1. 5%, C r : 2. 0—10. 0 %, 43 
20 <fctf2Mo+W: 1. 5-30. 0%, V: 0. 5- 
5. 0%<Do*><D\mti1Z\Z2mZk^ REM: 0. 0 
01-0. 60%, 3&£Co : 1. 0-20. 0%, 
Ni : 0. 01-2. 0%, Cu : 0. 25-1. 0 
%, B:0. 001 — 0. 05 0 %<Do*>V> 1 ffl£fcfc£ 
2 «&±***, S : 0 . 0 0 2 0 %£TR O:0.0 
0 3 0%6TF\ N : 0. 0 2 0 %£TR A 1 : 0. 0 2 
0%£JUF, P : 0. 0 2 OXKT&ttMU tt&fcio 
TttSSJCNb :0. 01 — 5. 0%, Ta:0. 01 
-5. 0%, Z r : 2. 0 %J£TF\ H f : 2. 0 %E* 
T\ T i : 2. 0 X«T. S c : 0. 001-2. 0 
%, Y:2. 0 © 1 t*fctt21H±S4 > 

[0 0 11] uCT, Cttfl&^Xli»£LT&Kfc« 
u©i5aM*Wfc»l:o. 3 5%&±*3r$li:<5 

[0012] si \tttom£i'Xi/pm-tz>£.mzm*>E 

TSot, C<D<t5^24*^m^rci6{C0. lXSLh* 
4r3*«®#sj:t>. L*U *«icSan-rsi:J»fflllDX 

[0 0 13] Mntti»*J:imiM£UTfMlU « 

*■* coated. *T**i»mmxtt«rra 
con. 5%«Tii~-&a>a*&^. 

50 [0014] Cr ttXJWPKBStffi, £ < fC&ia&SSrS 
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T, £<Z>£vte&}g:Z:nz>1Z!b\z\Z2. 0 XfiUiSftrT 
SCD^cfc^. U^b, *^££&tt^!inx&ft*fc;* 
1*<5<&T10. 0 X«T<h"f*(Dat<J;Vn 
[0 0 15] Mo, W, VttKftftSJMU fBtfaSS? 

£0>T, cn^(D iffl£fcte2a^±ft&ijnTS<0fc<i: 

T, CCD^&^ft^Sfc&lCfc^Mo+W (^Ttl 

^-^^o-efc^s^'b^ty) ti. 5X£Lh, vft 
o. 5X«±^lraT££>#<fcK, b*»L*-r«f*i»tt 

[0016] Nb, Ta, Zr, Hf, Ti, S c, Y 

^*ftas^^±B<&iBHT?*inrr * to s> <t ^ 0 
[0017] co, nk cu, Btt^-rnt>awi*ss 

4bLTXSS!cD&g, St-hfx^ft$ 
iS£)<50DT, cn£<Z>^ft®J^AyT±I2£>S5aT^ 
iD-rsofe*^. BteSoSfcAttftil&g>2>£& 

[0018] Mg, Ca, Pb, Bi, Te, S e \tm 
*>*IBtt«8» £ * £ <z> w«f^7c*t& * <rre r n 6 
<0 ia^fe«2S£A±^±IB^«eHT^fin^r^CD'fe<i: 

[0 0 19] N, A 1 , PttII«OBtt$ftTt^)© 

[0020] *$89i<BfBH • «nmiic*v>Ttt» asrffi 

^X^ffl^K^<X»3-CfeO, C : 0. 

35-2. 50%, Si :0. 1-2. 0%, Mn: 
0. 1-1. 5X, Cr : 3. 0 — 20. OX, SScfctf 
Mo : 0. 10-5. OX, W:0. 10 — 5. OX, 
V : 0. 0 1-5. 0%<Do*><Dim&fc\Z2n£k±. 
REM: 0 . 001-0. 6 46CCo: 1. 0 

-20. 0%, Ni : 0. 01-2. OX, Cu:0. 
01-2. OX, B : 0. 0 0 1 — 0. 0 5 0X<Z>5^ 
<D im&tz\Z2m&±&&fr. S : 0, 0 0 2 0X£4 
T, 0:0. 0 0 3 0XJSTF, N : 0. 0 2 0 XJKT, 
A 1 : 0. 0 2 OXJEAT, P : 0. 0 2 0 X£tTlC«^ 
U «^lC<fcoTW:2StCNb : 0. 0 1-5. OX, 
Ta:0. 01 — 5. OX, Z r : 0. 001-2. 0 
X, Hf : 0. 001-2. OX, T i : 0 . 001- 
2. OX, Sc :0. 01-2. OX, Y:0. 001 

-2. o%<Dv^(Dim^rc\t2m&,±^^ m&m 
[0021] c t lt^sm 
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6 

£<D<fc5fc&jfcftg*£:g>«;:0. 3 5X£Lb&*r£-&* 

t§OT2. 5 OXJ^T^-r^^^V^ 
[0 0 2 2] Si «BiS^ItLT^T^i*^^^ 

T*oT, C(B«fc5fca&*ft#*fc«>i;:o. i XEUrg- 

teft§i-*£&JCffl&ft*{b2^j5 OT 2. OXJETFt 
10 tZ><Difi£\,\ 

[0 0 2 3] MnUKK^itXK^SI^UT^b, ft 

TfcD, C<D£5fc^lfcft#*£:6&K:0. 1 xeUigsUn 

(DTI. 5 %VTft.-?Z><Difi&^ 

[0024] c r \*j:mm<D&&. h<\zmm&&&& 
&z>iimz. mmm&&*&&zw\z^i&tz7t$k-t:$>-3 

T, c<D±?te%i%:Zmz>ft!b\z\Z3. ox^LtSsiraT 

[0 0 2 5] Mo, W, Vtt*Httfc*»]SSU iRttSK 
S * U TWA*** W± $ ** © K*aM:5c*T* 

scot, dn^oia^fc^2ajeA±ft^*rs<o 5 fej: 

£<&<£5&^J!lftf§5fc&lcm<loft0. 
10X£JLt, WftO. lOX&Lt, VftO. OlXJBUt 

StOTMo«5. 0XSTF, Wte5. 0XKT. Vfcl; 

s. ox&Tt-r*©**^. 

30 [0 0 2 6] Nb, Ta, Zr, Hf, Ti, Sc, Y 

ttv»fn**t*«*bt»OTsti*i/, fit* 
^* ft3ja^±E<z>ttBT»;tinT5 © t> £ ^ „ 

[0 0 2 7] Co, Ni, Cu, BttVvrtt*>®ft*SI 
flSlTXMIOSftK. S*»Ste> fflt-hfiym 
S&tf)£<Z>T, nn^07C*ft3gtta^±IB(DiaHTS 
flrr*0>fej:^. *fc, B*i3*tf>glAteftiS«>*£:# 
\Z. m*<DN£BN<DM , VmfelsTl1<Dm&W&l3i<-r 

[0 0 2 8] Mg, Ca, P b, Bi, Te, Setefli 
<Dftfflttft&S$^SO^^^T^SCDTC:ne> 

<z> i m3ziz\z2 a^±ft±ie<D«6HT^in-rs<ot>^: 

[0 0 2 9] N, Al, PttXA«©«tt«ffiTr*<& 

[0 0 3 0] *^ejcD^H • *A58WC*ViTtt» ^ 
IflSWWXST^O, figXT, C: 0. 2 0 
-0. 50X, S i : 0. 1—2. OX, Mn : 0. 1 
50 -1. 5X, Cr:2. 0-8. OX, *5cfctfMo : 
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(5) 

7 

0. 10-5. 0%. W : 0. 10 — 5. 0 V : 
0. 0 1-5. 0%<D5^CDlS£fcte2a£jLL, RE 
M:0. 001-0. 60%, £SlCCo:0. 01- 
10. 0%, Ni : 0. 01 — 2. 0%. Cu:0. 0 
1-2. 0%, B : 0. 0 0 1 — 0. 0 5 0^%© 
im&f£\*2mSk±&Sfr. S : 0. 0 0 2 0%£TF, 
0:0. 0 0 3 0 %E*T* N : 0. 0 2 0 5K£TF, A 
1 : 0. 0 2 0%ETF, P : 0. 0 2 0 %&T\zm® 
b, «-&k:<fcoT«££{CNb : 0. 0 1 — 5. 0%, 
Ta:0. 01 — 5. 0%, Z r : 0. 001 — 2. 0 i0 

Hf : 0. 001-2. 0%, T i : 0. 0 0 1- 
2. 0%, Sc:0. 001—2. 0%, Y:0. 00 
1-2. 0%(O^^(Dll^di21Pa±^ SSB 

[0 0 3 1] ^CT, C\Zf&m?'C XffltLT^g 
£ £ J: tfBtJ£*§&£««ir * co fc^a^TCjRT^ o T, 
Z<J)&ofz3h%k*%Z>1Z&\Z0. 20%&±^mt*-<t2> 

5 OXJm^T^OtfJ;^ 

[0032] si \zmm}iL>xftmTz>}imzm%z 20 

tft^T, Z <D<£ 5 Z>tztb\Z0. l%$k±^ 

[0 0 3 3] Mn^M^ctOTiSSll^bT^L, M 

-e&o, zL<o&ofc%}$k*nz>ftib\zQ. \%%k±mm 

OTl. 5%£tTi:*r^c^^V^ 30 
[0 0 3 4] Crttia«©m <h< JCiS^^^iiS 

tbztmz* m&m*&*i£&%<»\z^mizKm-e$>'o 
r, z<D&otz&$k*%z>i!Lib\z\z2. ox«±aairr 

-fr£CDT8. 0%«T£T£<Z>a<£V>o 
[0 0 3 5] Mo, W, Vtt«Mfc«f*»J«U, SftffiS® 

zzm±Lxffimft&*ft±2^z<z>iz^t£Kmx& 
z><dt* zti*><Dim&it\*2m&>±&miRi-r2><D : h3: 

fit, :oJ:^M^fcJ6MMo$0. 

10%£Lt, W£0. 1 0%£Ut, V<£0. 0 1%J^± 40 

mrr*®fltj:». b^b, ^€r*£©&)W£T-rs 

fitOTMottS. Wfc£5. 0X«T. V« 

5. OXKTttSO^^. 

[0 0 3 6] Nb, Ta, Zr, Hf, Ti, Sc, Y 

[0037] co, Ni, cu, Bttvvrn***** 



1$S?8-1 0 0 2 3 9 

fc, SI+<^N^BN<D^T@SbTNCDSK»^^<"r 
[0 0 3 8] Mg, Ca, Pb, Bi, Te> SeOM 

oia^^«2aj^±$jiEottSTSiin-r^(ot)^ 

[0 0 3 9] N, A 1, PHXA»l<D«S*ffiT-r*«!> 
TFftlB b &±HlC»(rr * © jW: I*. 

[0 0 4 0] *&W<Dm-t • J&ASfflfcfc^TW:. 
XftM**»ffiEXJ*-Ci&9, 11%T> C : 1. 0- 
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